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• Complexity and uncertainty of low-
carbon transitions
• Major contributions to low-carbon 
pathways (emissions, energy, 
societal)
• Pathways as sequences of choices 
and implications
Complexity and uncertainty of low-carbon 
transitions
• How do we get from where we are now to a low-carbon future?
Now: 
Carbon-intensive
Complexity and uncertainty of low-carbon 
transitions




Complexity and uncertainty of low-carbon 
transitions
• Which potential pathways do we take to get from where we are now 
to different possible low-carbon futures?
Complexity and uncertainty of low-carbon 
transitions
• Which potential pathways do we take to get from where we are now 
to different possible low-carbon futures in the context of deep 
complexity and uncertainty?
Long timescales (2050, 2100)
Complexity and uncertainty of low-carbon 
transitions
• Which potential pathways do we take to get from where we are now 
to different possible low-carbon futures in the context of deep 
complexity and uncertainty?







Complex human and natural systems
Complexity and uncertainty of low-carbon 
transitions: Multiple possibilities (some examples)
Different possible temperature targets 
(with diverging implications)…
Complexity and uncertainty of low-carbon 
transitions: Multiple possibilities (some examples)
…electricity options…
Distributed Solar PV
Nuclear renewal Coal w/ CCS
Complexity and uncertainty of low-carbon 





Complexity and uncertainty of low-carbon 
transitions: Multiple possibilities (some examples)
Coal phase out
…policy frameworks, etc…















Complexity and uncertainty of low-carbon 
transitions
• In pursuing low-carbon transitions, decision-
makers face:
•Complex and interdependent human and 
environmental systems
• Long timescales and uncertain futures
•Multiple and layered possibilities
Low-carbon pathways
• Low-carbon “pathways” have attracted increasing 
attention as a way to manage complexity and consider 
possible courses of action in the face of deep uncertainties
• Three main types: emissions pathways, energy pathways, 
and societal pathways
• Major contributions: IPCC representative concentration 
pathways, Deep Decarbonization pathways, IEA energy 
pathways, socio-technical transition pathways, etc
Low-carbon pathways: Emissions pathways
Source: IPCC fifth assessment report
• Emphasis on emissions change over time
• Mapping emissions change, stabilization levels, and temperature 
rise
• Implies radical changes in energy systems (electricity, transport, 
heating, etc)
Low-carbon pathways: Emissions pathways
Source: Fuss et al 2014
• Primary indicator
• Tracking RCP8.5
Low-carbon pathways: Energy pathways
Source: IEA 2016
• Emphasis on identifying viable patterns of technology change needed 
to reach desirable low-carbon future states
• Identifying and recommending technology options among various 
possibilities
Low-carbon pathways: Energy pathways
Source: Jacobson et al 2015






Low-carbon pathways: Energy pathways
Source: Williams et al 2015
• Possible US 
electricity pathway 
based on mixed 
technological 
preferences
Low-carbon pathways: Societal pathways
Source: Foxon et al 2010
• Emphasis on how society and technology change together
• E.g., role of policy change, social practices, and culture
• Targeting policy levers to stimulate future transformations 
• E.g., Supporting niche development and removing supports for incumbent 
technologies































in Ontario’s electric power 
system













in Ontario’s electric power 
system
Low-carbon pathways are about choices
Choices:
-Recommit to nuclear?















Low-carbon pathways are about choices
Choices:
-Recommit to nuclear?





in Ontario’s electric power 
system
Could enable 
nuclear or new 
renewables
Fundamental 
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